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Abstract of JP2001 175005 

PROBLEM TO BE SOLVED: To provide an aqueous composition capable of decreasing equilibrium and 
dynamic surface tension, particularly a composition for coating materials, inks, storage liquids, adhesives, 
fertilizer and photoresist development/electronics cleaning. SOLUTION: An alkylated amino alkyl 
piperazine compound expressed in formula I is blended by the quantity enough to decrease the surface 
tension. (In the formula, one of R1 and R2 represents a 5-14C alkyl or cycloalkyl group and the remainder 
represents H or both of R1 and R2 represent a 5-8C alkyl group and (n)/represents 2 or 3.). 
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AIR PRODUCTS AND CH 


(31)«$te|fc£3S## 
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EMICALS INCORPORATE 


(32)ffi$fcB 


¥f£ll*F10m2B (1999- 10. 12) 
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SM*iCt::i&< 



(54) 7JMr)WEL&75 / 7^^7^^18111**^7* t- VWmMZ&V Z>*:(0 

(57) <&ffl 

*5xKtt*afi£^, t < t-Ms|£f, 'f^, mm 



R 1 — N 




(CH 2 ) n -NH-R2 



(C^-CR 1 3o<kU<R 2 © 1 oiiC 5~C 1 4 CDTVl"*- 

SfcfiR 1 *3J;U«R 2 WS*^C5~C8©7M 
/Ug-CfcO, tLt nf±2 t> L< (43T*fo5 0 ) T*^to 
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N— (CH 2 ) n -NH-R2 




A\ SfciiR 1 *5<i:{/R 2 CDffi^C 5~C8«7^ 

[ffi*JS2] R 1 feiOT 2 ©lo*!C5~C140 
[St** 3] R 1 fciTO 2 roioi!C6~C8ffl7 



[f§*gi4] R 1 $3£XFR Z ©SWC5~C8©7 
[SS**7] 7/V=*yWISLfcr $ /if^txy-^y 

MU&SMa. *fcttT $ y :n?vi,fcV<5i? visit* 

i ia«rom^J«aj*^<, 

[is** 8 ] rh7^ ?vi<r - 9 j*j*.mwt 
^r-t-atg** 1 ismoia^jffl^^o 

[ft** 9 ] ^ h 9 ^ V* = ? M-Tkmim z-s 

f-t sit ** 3 SH-mom^jm^ifeo 

[9*«10] ^ hy^^/wr ATKK-fb^S: 
[1*111] 7* hui?^ hSlKf-, «pB5S^jSr« 

[•ft 2] 



R1 — N 




-(CH 2 ) n -NH-R2 



R 1 JJiUtR 2 ©10l4C5~C14©7;i' 
7)\ SfclJR 1 *>J;t*R 2 (DmlSftC 5~C 8ror^^r 

Snsr^^Wk L7c7 J 7/i/*;i'^7v'yft^ife 

[I*«12] R 1 io it/R 2 Olo^C 5~C 1 4 
©7^^1/t L < lii/i- o 7^*^If & 9 , 289 #H 

-cassis** i iss«fc©#ffiu 

[ffi!**l 3] R 1 ioit^R 2 © 1 oi>, C6~C8 
(DTfU^-jum-CA'O. 28 9 /!>SH-C;fc3f»**l liE«<Z> 

[i»**14] R 1 *5j:U<R 2 ©M**SC 5~C 8© 
7;w=f-;wir&5i*ll lfE«<£>;£)fe, 
[8&#*1 5] nz55 2-efeSfS**l 1 fE^COzfrjfe, 
[11**16] n^2T-fe5S9**l 3SE«»^&o 
[ft**l 7] T/^/WfcLfcT 5 7xf-;Hf^7i? 

viojio^fvw y 7*f h >© i?7;i'*;Hk4fiK 

**1 liE4few*-«fe„ 
[»**18] 7F7y^7y* = !)Mf»S: 

[H*S19] ir Yyt^-^ri/^-V-kfrmtmS: 

sut** i 3 ia«©**fe. 
[tt**2o] -r h^y^/vrv^-^^Tk^b^^ 

^•T5fg*rSl 7|H«CD75)£ <1 
[»*S2l] TKf iciikro^, 
■r h 7^ ^vWT >^=^9-^7KMit^lO . l~3wt%> 

7xy — /^-ft:-a%0~4wt% ; *3iO' 
7;W7?y7^;H:''<7i ;; >l 0~1 0, 0 00 
ppm 

[ft 3] 



-(CH 2 ) n -NH-R2 



(r.r.-c, R 1 fciOT 2 ©iottC5~i 4©7;^ 

A"b U< nT^^/wS, U< i4C 6~C 8 CD 

Ty^/uS-CS) 9 , 3^9 l*H-C&5/4». *7c(4R J 
O'R 2 COM^C 5~C8COTyL-dryl^S-Cfo9> 
ni±2fcU<(±3T*>5) -C56fc>*H5r t *#tR t 
STKtt^w^ Mn = y7^i 
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[0 0 0 1] 

M©It5S»»] #38^14, -tMc^ to - 
(water— based system) t^feV-CSt 

[0002] 

\W&n&M\ *co^B^&®^£*5f^!4;!M4co 
(waterborne) i&ipl- (coatings), 

4^f. mmm. ■ti^mmm-^m u s r i c u 1 t 

ural formulations) (CiSV'T^'^'lC: 

BE-n-W-fcVT;, K5*?>*WiSffcO&;ft< (e n h a n c 
ed substrate wetting) ICSt?!, L- 
H-r (translate) A^Tfo5„ * t> £ <5 < 

^{-fevTScB^coMiim. #SfiH4SiJroasi)D 
trj;ip#e>n5o #B&1£#JcO^;Dn;4>ib££5t£fB«># 
fC(4, iiSfcbnfcSffi*^ (surface cov 
e r a g e) , Jtlfcltt'Jn\kR&, *3 4.tNfc«ftt*S-&# 

t rest) fig-C&2> 0 L/^U ftftj&fr 

(surface creation rates) & 

^ffltt, ^l-COSfctttt^ (spraying) , n — 
(r o 1 1 i n g) fciWJIti!) (brush 
i n g ) , <b b< VZ&%m&®<Dm.m ( s p r a y i n 

WJ£3tP. ffilltt (dynami c) ^BH73f4, 
fft*:ft (quant i t y) T?& 9 , SBSITJ &2$ii>-r 
3#Bffitt£iJcDfig;*;co>£>cD£ L£#;i, ■^L.T^co.fc ? 

[0003] —/i^^b u< i*r ^=3—^3i 

h=¥->7-K *iJ;^^-^>-^-^v-K (EO) /7°n 
fu-^s)-dr-> K (PO) = tf?y-=7— <0£ pft^JferoZ- 
(sodium dialkyl sulfosu 
c c i n a t e s ) CO J; 5 t£hi>T '^-^WMiSteffl 

[0004] ^mt^m^mmt.. 7*v v^m. 

m SrS* L.fc 0 iS,&co*Mlfc;$s {>ci + J VIM XKifig 



ictofr^ft-cvs. rttfecoa^JirSfj-t-St 5 loco 

iiJtfeW^; t * £ = ^ co-iM X^colb # tct tj gSSS £ tu 
5„ ffiVM?&^ti, ^T"!-— As'rVW (s p r a y-p 
ud d 1 e) feSrfflvSirtliWt^aS-CfcS. *-tf& 

fi(microbubble) COI^#tt^R&Sr§l)B-f 
e>X-fcS„ 7* h- u-^x Nco^ttSrii*P$-*Syt*tca 
*Kteffl£ftfc^BStt&ll4iffifif, JtKWiSv^fe^ 

&^<„ fcv«Tv\ mm}*. itt*.r£, =>>h7*h, 

J5fe?t^i4il«co|^Bffitt^JtcJ; t)SS«>bn5!6S. ^fe 

[0005] &m£¥ffit$£TfmtftmffimfiWi±&-$ 

©&i|Sk „ S*»J, JtrMiS (fountain 

solution) , t£btf}ZL&%im-iSiLX$^U2 V n 

fStt^JcO^^IJ (f ami 1 y) tc-tf-f 

[0 0 0 6] g5«»J, frM^> ^ISffiBa 

WM£}*, rco^»f<t<afl?$tt-cv>s„ ffividw^ 

Schwarty, J. CO r^tt^WlCfelt 5ffiltlWl6B5I^JCOfl: 

( "The Inportance of LowDynamic Surface Ten 
sion in Waterborne Coatings" ) (Journal of Coatin 
gsTechnology) (1992^9^) t^oVkX^. 
ro^ffi3B^)#tt^W$n, $ib(c^coj;5*^Hs|.colj 

t*v ^ < o*-co^BStt»J(r ov ^TffFffi $ tilt, 1&W)ff]3c 

(dynamic coating applic 
a t i o n) ffiiix JtKffi (retraction),^ 
\s—9 (crater) &X.Xm&%<r>&0te%Mh*Vi 
ih-f 5 fc J6(-<e»fSigBgS73CO#B?Stt^J SrS*-T -5. 
[0 0 0 7] ^^fflSSp°p (agricultural 
products) co^j^wij^igffl t> , Ba-S-felcoKl^ 
B5S73«l#ftfr^:V^Cfe#i-5 0 Wirth, W. : Storp, S. ; 
Jacobson, W. co rjg^XT'U-^i&CO^fCOftfS&fliiJ 
^? ( "Mechanisms Controlling Leaf 

Retention of Agricultural Spray Solutions" ) (Pes 
tic.Sci. 33, 411~420H) (1991) t V 5 V 
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[0 0 0 8] l&mtimM^tl\t, fusing Surf 

actants to Formulate VOC Compliant Waterbased Ink 
sj (Medina, S. W. ; Sutovich, M. N. Am. Ink Maker 72 
(2),32~38H, 1994) k V 1 b %aX\~it&^Xt§m JtlT^ 
5i 5 (ci^WJi-^TfcSgT'&So rcoa^CT? 
(4. ¥flr3tB3Syj (ESTs) 14, ffuhUfc-i' v^S 

(ink system at rest) ©^(cSSjJI 

[0 0 0 9] ^ h^^wv^ >} Jxfcmtt&i (TM 
AH) (4, J.R.Sheats W. Smiths 9 Sift £fr 

7t TMicrolithography, Science and Technology! (Ma 
rcelDelkker, Ink., 1998, 551—553) ^.fc-Si:, 7* 

iOg#ffl (of choice) fl^aii&Tfc 
So #Bffitt#Jt4, MTMAHWICiJDjft^ 
B#^*3j;'a ? ^* ? >^ ( s c umm i n g) £ 

[ 0 0 1 0 ] *H!|#fFS5 5 , 0 9 8, 4 7 8-§-^*fB# 

t4, pw, ; ~*>^mft>&m&z-&; 

fcfcdiKJ 2 5~4 0 dynes / cm(DfamZ-WP Zfr 
I 0 0 1 1 ] *H!Rp fFjg 5 , 5 6 2, 7 2 6fi»f 

S4, t)c, ^^Hfc&msio^oro/Ky^ r•=ar->5- 



[ 0 0 1 2 ] ^SWtf 35 3 , 0 0 7, 9 2 9- 
(4, s£ 
[0 0 13] 

Mb 4] 




HN tr 

[0 0 14] -em±>£thZ>ik-&y>) (RI1C8-C 1 6 CO 
EffiT/l-^A-g-e&S) £H^-fSo C12J3iyCl 

S, ^'feiSSfci^lS^JX&ofc, Zagudullin*5j; 
CFBaimetov (J. Gen. Chem. USSR (Engl. Transl. ) 1991, 6 
1, 889~894H ; Zh. Obshch. Khim. 1991, 61, 978~985 

oS(c«t#L-C. -ty. v 5 . fcL<liHJ-r!);v*3J: 

[0 0 15] 
[■ffc5] 





[0 0 16] r R!4Hfc b< I1CH 3 t?fos„ r 
[0 0 17] 

lite] 



HN 




(CH^^CHs H 3 C(CH 2 ) 9 — N 



[0018] r/^Mk Lfcr 5 y ^/nf-^ ^ Wt; 

tiT^So W¥l-3 8, 0 8 0 ^$8i4, &co*j§ 
<Z>{ls-g-(M®£lfl^-f S. 
[0 0 19] 




lit 7] 



R2 
I 



R3 

I 



Rl(CH 2 ) m CH(CH 2 ) n — N— (CH 2 ) p — ^N-R* 

[0 0 20] R 1 14, Cl~C80ja^tL< 

S4#t£jj|fl#0;-C;fo9#, R 2 doitKR 3 14, C3~C1 
l<0{tt«fcb<(4^flire^35i9#, R 2 *5,fctfR 3 
CDlo{4, HtL<t±Cl~C2t*fc!) 1 R 4 (4H*fc 



-4- 



ISC 1 ~C 1 2(DW.ffl i i> b< tt^ttT/Wdr^-CfeO , m 
:ft<fctf ntt-t*VefXO~3©ffi& (m+n£3) "Cfe 
9, Pf42~l SOOlEgSrefeS,, 4#1-, 1- C3- [4 

-pi^-i is- ff-jv-rj-M sO"J-/vt$. 
[0021] m«soisa^*^*3v^t, <&.mM%-mm i &m 

-3 1 9 6 0 6^ili, SIWtAfL^^fl^V 
tf-^>K (EO) /~fn H°Ul/$~3f-is K (PO) ^By 

^i"-5o #i¥3-6 2 0 3 4^#(i, mtiSLftm&tel 

[0 0 2 2] 7* h Ym^MB^^jS^X, T 

5 2, 4 3 6 -5§-PJ!&B||[4, JtKWflSTkiproT 5 i^SSAP^fU 
(3~3 0wt%) COffiffiSrH^U ^UT^I^ffFI 
5, 0 3 9, 5 9 5f ijattt, 5~5 0wt%t?T 3 > 

mamzQim-rz. ^b<om^am^th. mm® 

[ 0 0 2 3 ] ^B^fril 4 , 9 9 7, 7 4 8 -f-B^^fl: 

&©fWf £&ii;#-5;fc#>l;:0. l~l0wt%*Jpw 

<n?£fric, mvwm^i, 3-^^-2 — rs^v 
y s?y visfea. gsgfls^fettw&j&ttrttfc^©-:?, 

^ b I4{£igaf T'gcBSSTJ Srt£T $ -ti:^ 5 >b ft < , ^ft 

i, 3-^^^-/1—2 — r 5^i/y -^/vtt 

[ 0 0 2 4 ] ^B^ffrSS 4 , 8 2 8, 9 6 5 -ff-SHiNJS 
14, 0. 4 0~5wt%©itSt?ffi:iKT/l'* 7 — /UTSV 

(l~4»^Sg) SrT/w=>-/ui:»^--a-*?*r«ffl-r5 
-t*Bfl^i-5 0 #B#ffF£f4, 74 1, 9 8 9 -S-BJiNH 

#(4, 7th u-v?^. r-*-e*-y K3t«ffift-e-ife 

ffittT 5 ^(4mK.£:tx~CV^\ 
[0 0 2 5] ^11^4, 6 2 8, 0 2 3 ^§-BJDMti4, 

5. #s/fpH«!Stt i 2. 5±d^#iw, wars 

^fllJ£«lcilISt459, #SHBS6 1-17 
9 6 5 1 ^-;k$8[4, «ffi3S*>6S2 5~5 0 dyne/cm 

5ts v-&wmffc^ffc©teffl£M*-f5o 



35*14, ttSt Ltf h7^f^Ty* = '>A*i<ktl 
Srffl^-g-fc*TJtl!j«]*fl:»^#Effi14r5> (3-5 
wt%) SrfflV^-CtfPjn-CVSo 
[0 0 2 6] 

Sr^-rs, TKt-fc t<3< «afietfc, i<c*i4fflti^ 

f $Ht#J, tfMSC JSJUffl, *54TJ*7* hu 
[0 0 2 7] 

[i^®&«?«:i-2>fc*co#g:] ±Ba©iia^i4, ^^-e 

^Sr^figa^-r 5 r £ ic J: 9 #(b*t5„ 
[00 2 8] 
[ft 81 

R 1 — I s / \l— (C H 2 ) n -NH-R2 

[0 0 2 9] ret?, R 1 *5<£tfR 2 ©10liC5~C 
1 4 (7)T/W#^fe U< (4->^ n TALI'S, £F£ b < 14 
CS-CSCT/V^fcl m*) I4H-C$>5*\ Sfc 
(4R 1 *540 ! R 2 COil^'iSC 5~C 8cDT^^r/l'S-Cfc 
9, ^Lt ni42 t,L<l43-Cfc5„ T/i^/Wt LfcT 
5 y T/i/^nf^^^ywMMU, 2 3'Cro7K. t P 

t?, 5wt%£/.T©i®S"CM 5dynes /cm<fc 15 /h£ V^Sto&t) 

ffi*)£f4, TLangmuirJ 1986, 2, 428 
~4 3 2H(c|SSt^nriot), 3lffll-4.*m^Aft£>ft 

[0 0 3 0] r7fc|;;>b t<5< j ("water — bas 
e d " ) . r^ttj ("aqueous") "fc> L < 14 

TzKtt/Kffcj ("aqueous mediu m" ) 
14. *^BJ<0@6<]-C N 'X<tt>9 0wt%. *lf*L<l4d^ 
< t fc 9 5wt%©*Sr-^t?j$«Efc U< (4?W#m#£#:& 

^- h l/i/^ hSL^J ("photoresist de 
v e 1 o p i n g" ) feitF r^u-^ (- n = ^ ^i5fc#-J 
("electronics cleaning") (4 

[0 0 3 1] $e>i-, mecor/udr/wiib/tr s y T 
/v*/v\;<<=7i?^te&tfo%:m-&-tZ>Z. tic J; ^Tkttifflfie 

u< it±u^m-r^fcn>\c^ *ict>£<s<mwi> u< 14 
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[0 0 3 2] $ fed, m^J»^©*)6*JSffi?5*Sr^ 
A-3vWt: UfcT 5 y T/^^f^ ^V&^S^tf , 

fcfc<5<, ^^sk -f>^, SMtMJ, St»«, SUffl 
l-Mi*U-C> SLV^iJ^^foti, ^tv^rofiJ^Ctt. TIE 

[0033] • zkttw, -fyi>, »fi®fS*5J;o ! S 

WBtt> U< (±WJw^PfeSr«'>$-&5tM^/ ; 
*U<1-5 ; 

[0 0 3 4] • A^feixi:^lc<B:^^Sr*ri-5, 
mtitteZtf*^- (k i e r) etS&CDj; 5 ft, «*<D 

[oo35] TKtt^^- h u*j>* bm^Jia^-com 

o 

rnh 2 + 1 

[0 0 4 1] -T S^t> L< ii^S yiifftt, 



[0 0 3 6] #3§BJ31±, 5t 
[0 0 3 7] 
[ft 9] 

R1— l/ \l— (CH 2 ) n -NH-R2 

[0 0 3 8] <Dtt&m (Z.Z.XR 1 &£TfR 2 <0 1 of* 
C 5~C 1 4<DTA'3vi"£> L< t4^^ nT^^r^S"Cfo 
•9. 2&*mH-Cfe5)K SfcteR 1 fcitfR 2 coffins 
C 5~C 8<Z5TA'3rA'S"t?$> , 3 , -t UT n 14 2 <b b < I* 
3-CfeS 0 ) Sr, ^raft-g-^Sr-irti-TKttafifi^, 

c« ct s ¥**3 <t Otis wssss^i <di&t<v a. mzt&m-f 

v'VCDzM'KgiiSli* 2 3icco*f-c\ 5wt%mT<o©s 

t?4 5 dynes /cmj; ?> /hi* ^B&W&ESS^K ft tT/ICigr 

^H^£ii^6®::*£tf&E2>Jfctt, I"l a n g mu 
i rj 1 9 8 6, 2, 4 2 8 ~ 4 3 2 MI"§E^t$tir*3 

[0 0 3 9] 2|C^B^© 1 OCOffi«^C*3V^-C> ±5fiC0iCC0 

K*s JzT/^ h v-eiBTCittTVi^/Wfc-f 5 C t (Ct tj JUig 
vfcL<{43i-^$ >"t 3 IW^iS:o< 19, oi^-e-^-ix^SIijn 
[0 0 4 0] 

lit 1 0 ] 



R' H R' 
R" R" 

[0 0 4 2] 
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[{kii] 



HN N' . * + R— CI 

[0 0 4 3] tktitmchv^R 1 toZVR 2 <D'P< th 

#)5f(4, * 
[0 0 4 4] 
Htl2] 



,NH— R2 




N— (CH 2 ) n -NH 2 



[0 0 4 5] (Dfc&®*Sts (n(±2^L<(±3) „ m 
SCQ0IJI4T 5 y rt^/Wt°-^9 vVfc it/T 5 / tT/W 

£i£-5fti7j) Sr^-xsrot'+^^^^^ri-s^^-r 
(D&im*mtoi!it2> ^E?£tt£iJl4, 

JgA¥SfcL< I44*S©I8!?- 5 ■fcA'SLffi (CMC) 

S 0 TVU-^WfcLfcTS 7 TyU^/vf-^? v>>-£\ 0. 
0 0 1~^2 0 g /±7kmZ'£-yo 1 0 OmU #£L<S4 
0. 0 1~1 0 g/1 0 0mL> ^rUT^'bSjlfCISO. 
0 5~5 g/l 0 0mL(Dmm&^ii L< ttCMCrtT 

[0 0 4 6] ^-y TA-3r MiS^##l4 5-14 <@©^^ 
!4y9vW y^A--^ h^ioj;^ fyKyr?/^ |. 
~C 1 4©7/Wft Kt> U< Y^frh<DT >\s*>vm 

W4, 2 — ^:^y ^ 3 — -o^y tv-vi^t 

K, ^fy^VT'p^l-y, y 9vW V?1->v>t V 
>\ ^/HV7?HFV, >\ 3-~- 

^rf-/ >\ y ^A t e r t — ^^W-Jr h >\ rnfVW y 
^■nWhy, 2-y ^vW^df-IJ-y — A% 2-^9 

y>\ 3 — y >\ 4-^yy, 2—*? 9; 

3 — ^y V, 4— ^"^^y^, 2— :t^vwv* 



^ o Yfiayyi 2 - y i - k^*-^— a-, 

<tv\ 31(4;ft5#£»#A#=.A{t-£-#jf4, 4#S<0)Sffl 
iii, fcL<l4Sa:tm§go^f^l-tt^£ftT^Tt><fc 

[0 0 4 7] i^T/^Mt U&T 5 y TAdfAfcf^y i 5 



iffiT. 



i-tHKll 0~1 6©7^/^3S*. m-g-fts 



ig^t*^ T^= 3 e;^5|Rl--Cfc5'bw-Cfo5„ 4^46^ 

R 1 feiOfR 2 ©i|$^«0ljf±, n-^V^/K 2 --<>- 
f^/K 3-^O-^/K y'O^K n — ~-3f "i'/K 2 
— ^df-iy^, 3 — ^^ri^/'W, n-^dfiy/i^, 2— (4 
— *f->v^.-y^-M , 2- (s-y^w^df-Vyu) N n 
2-*^^/U, 2-Kf J -> 

[0 0 4 8] 7Ktt>t-^<, ^^b^^Wifi^^© 3 ! 1 

w© J; 5 'fe^'^iatt^ *tta^)c^ 1 0 OmUdog- o . o 
01~20g> 0tL<l±O. 01~10g/l00n 
L ^lTfit»SL<ttO. 0 5-5g/l OOmLT 

U-;? hn = ^^jfc#*afife#Jt^ol/^-C, ^"^jfiittO. 00 
1 — 1 g/1 0 OmL. #£L<I40. 00 2 — 0. 8 g 
/l 0 OmU ^rLT^t,0* L< (40. 00 5~0. 5 
g/1 0 0mLT?fc<3ttJ;V\ Sfc^Sb^ffltt^ 

[0 0 4 9] 7^*;Wktfc7 5 ;7**/n?'<7^ 
(4, *ttM^ifeli*3WSffiffllCja-f-5. iifl^l4, 
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■h v ztewnt-kva. ^-ftamn, #*p. rtv^M^tz.r^jrjv^^^v-^^ *fc«, m 

^yf-^T^^e^^ATK®?^ (TMAH) ©J: Stem <DZivbmi&t?Mf&!®)<o&.m. Sr-^ir,, 

ft?£!k Bfci:£!k s^tf^fl «m#.k 1fi^S»^J-efc [0051] ^isw^STA^wtL.fcT s yrA-s- 

[0 0 5 0] #K«tt#Ji LTcD^Tv^WbLfcT? S«F^J, H1*iGL ^liffl*3J;T>'7^- h i^* HSUfc 

-g-L-fcT/Pdr/WS(C5~ 1 4(DMW^tt5fe5 ~8 0 wt%&7Ktt&t# : 

o~5o wt% wm-ftumi/mw ^> 

o ~ s o wt% ^taw/frfciaiv £ tAit tbrnn/mcomu 

5 — 9 9. 9wt% Tktt/Tk^mtt/^ttl^^^ 

o~3o wt% 9 ^3j/««»j/«ia3SS!i/?&fiii u»j 

0 — 5 0wt% M-a- (coalescing) & L < !±ffi<£>}g(ffi 

o. oi~iowt% ^■mf&'sm/mmm/mmm.xf^.mtm 

0. 0 1 — 20wt% XA^/WfcbfcT 5 y T/W^r/Hf^^^V 
1— 5 0wt% m.Pc 

o~5o wt% mw#mm/n& ^v>> 

0 — 5 0wt% jgiJO^L'v'^K^t^/u'tiw^ u— a#j 

5 — 9 9. 9wt% TRtt/Tk^tt/TK^tt^v 1 ^ 

o-3 0wt% *-a-^*a 

0 . 0 1 - 1 0 wt% J?.ffiet4^J/®)H^J 

o. oi~iowt% vmWim/m.mM/^imitm 

o. oi — 20wt% r;^;WbtfcT 5 y r^+^tv^-^y 

fg14^J^Jn$n5 5MW«, 7Kidfct<3<^ ; ffia [0 0 5 2] 

f&m*. nvDi&ftcDsgMRiim.i&yvo. oi — 8 0wt%&- 

0. l~5 0wt% ®*»J. ^»JfcU<l4lS%3£SiSSfiffl 

o. oi — l 0wt% #B»t4SJ 

0 — 5wt% SfeJtsf- 

o~2 owt% iitt^j/^f^j/^s^sij/y^pa^^j/ 

0 — 25 wt% **gE5lt^J 

o. oi — 5 owt% r/w=¥/Wt:U/tr s y ryv^/wt^^iy^ 

*D$*v5 5> A^^7K(cti:-^<Btjilf^i|a^!iif4 > & [0 0 5 3] 

WJ*^Sr-^#-t-5fitJl?giifl^3 0-7 0wt%£7M4!8£ 



0. 05 — 1 0wt% 7^/l/A*Mt5 5, Tk^ttSS^ 

1 — 2 5wt% 2 — 1 2 ©M^Sf&-fft5 7;l-3 — /K ^ y =■ 
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o . o i ~ 2 o wt% Tkm&Gmm. mmm, h u < 

o. oi~5wt% r^^/Wbbfcr 5 y r^w^y^v 



5 0~ 9 5wt% 
0 ~ 5 0 wt% 
0 — 0. 5wt% 
0. 5 — 2wt% 



S-g-flcUi^ (SBR, VAE, T^ll/W) 



0 . 1 ~ 3 wt% 
0~4wt% 

10-1 0, 000 ppm 

■ir V Ui^T. h^J/Kv^M (pos i t ive— worki 
n g ) i> U < (4-^>tfS (negat ive— worki 

ng) a>wfc#LT. «dittt»:tcjaffi$tLsm*feS'i^* 

£<9£b lca»^#®fe^Sr»5 r t (4, ^EfS©^S3S 

[0 0 54] Tvi^wt L-rtT 5 y TVi^^t"^ *Jis 
*86r^ mmt"r H5y ^/wr^*=9AzK^t;^ (t 

MAH) ©Tktt^ffi-C&So C^f><75m#SJ , b, 'C0# 
lffT*ja*qt?&5o rtJflRtf>5L»£iJI4, 5 0-10 0 

Oppm (fi-C) si— y-<£\ ^BBf§ttS!l<oi£v>zKJ(S4r 
^tf„ #a5ffi14#jG9*igf4, S!*RrogfM<7)^ffi3S^S:ffl- 

!K) 4 0 — 4 5 dynes /caOy^M^tl 14. /^77^Ht 



7 1 h7^^/vr>* = 7^7KK^% 

14, ^fffttiC, 5 ^ n [HlS&gig (microcircu 

[0055] mi&w 1 A 

roHJfi^Jii, l- (2-75/if;i/) f^5^ 
(aep) iaiyyf/n'yri^hy (miak) 

(DilTcWT^dr/Wb^^WSiit^&Sr^-ro AEP 
(1. 0W),MIAK(1. 1 ioiO'l 0% 

Pd/C (-&W-^AftC0 4wt%) ^ i L^.X^U'^.lPi^-— 
u-7'(c^A$tLfc 0 SJtS*l4«BSSn. o 

V^7KST^5t*Jxfco SJ£SSrortS*l4 7bar (10 

Opsig) H 2 -C, 9 O'ClCiPfft^tLfco ffiyjf45 5bar 
(8 0 0psig) irif^U -& LT K — A U=¥^l U — 9 I" 

J:S5?*(- , bt<3# l^fo> (3. 7 9 L) 

^/T/u^WtAEP? 7. 9area%, Soit^TVl^f- 
/HkAEP 19. 2area%-Cfe5CtiiW>ot 0 *y 
T/\s*/^ik±l$.m-Z 142 — 145 "C, 4. 0 5 y bar 

(3Torr) ^©agglc J; 9 l£$t $ ftfc,, S>T.«'=5r;Wfc£ 
J&fef41 4 8 — 1 5 CC, 0. 5 35ybar (0. 4 To 
rr) fCO^glCj;"?, »S$n7t„ 

[0 0 5 6] ^yT/l/^yHtii* (AEP/M1AK 
1) !4, »^n?K77-fA7^ hny hi) 
- (gc-ms) ^fe^^CS^*^ 

(NMR) &%.mzii9. TlCTF-ti. 5 IC, fitt&iiu' 
mRT/l'*Mk®)'gt(0 5.- 2 : 1 ig&Vob LTIrI^^^X 

[0 0 5 7] 
Htl3] 



-9- 




NH 2 



AEP/MIAK1 



[oo5 8i -jr/^M^w<r>mmn. m-<D^m^ 

[0 0 5 9] 
Iftl4] 




AEP/MIAK2 
[0 0 6 0] 1 B 

ro^ffifilfi, AE P&iUM^/l'T h >- (MA 

K) OiSTcWT/V^/Hb^^Wiait^ifeSr^-ro AE 
P ( 1 . 2 5 ^e/V) , ^ fvWT 5 >V>r Y S ( 1 . 3 7^ 
/W) *3J;IF1 0%Pd/C (-a-H-^A*© 3 wt%) *siL 

7bar (lOOpsig) H 2 T"C, 8 O'CiCiPf^^ 




tlfto JE^3(4 5 5bar (8 0 Opsig) iCJQ*:U *LT 

(3. 79L) s*yx h^bTkSgSr^A-rsr tl^«t 9 
ro&©Pfl (5B#ffl) 

ffl.±l&m*4'{>'?- (1 0. 2cm)Vigre 
ux*7Atlf Six, 1 5 5~1 6 Ot, fc-ctTJ 5 ! 4 
mbar (1 1 Torr) T\ LtAEP/MAK 1 

2 0 8. 4 g &#fc 0 

[0 0 6 1 ] tf^n-^ 
p^;? hn^h!)- (gc-ms) 'HJo^V 
13 Cfe«^*>t (NMR) a-fttedJ: ■) TI^tJ-J: 5* 
2fie^»«S^-rfe5r t^ttSSSftfc, 13 CNMR 
I*. JS-g-feriS, 6 : 1 ©JfcOPtfc : gt^T/WdfVWbW 

[0 0 6 2] 
[ft 1 5 ] 




[0 0 6 3] Sgjfetffl 2 

rroHlSWS, ae p«iy 231©^ f /W y^f ;v 
*-f> (M I B K) <7>S5cft7/u#/Wb£JiS£fifc«J<aS4 
it^^-To AEP (0. 8*/W) , tf/V^y?*}- 
/U-irh^ (1. 6^e^) ioJctflM/C (-g-fH£Aft<£> 4 
wt%) a*l L^^>-u^ffl^-— ^CiggAStK 
Hifetaj l © J; 5 (- 2 2 B#HS5S^$tLfco 
l4GC/FIDf^ff$jL, ^7/WWtAEP9 7. 
9area%-Cfo5r i7iSfc)/4^-o^: 0 4^i)ttl 5 2~1 5 
2. 7Sybar (2Torr) "eo^SlC J; (9 

[0 0 6 4] ^fiSc^©#ig(i, ^^p?F757-f- 
/•vT.T.-rZ.f h a p< h y — (gc -m s ) 4E>«: X H 
*5<tt) !l3 CSBS^#R& (NMR) MSCi^ Tl^ 

[0 0 6 5] 
[ft 1 6 ] 



AEP/MIBK2 

[0 0 6 6] *y T^=*rMtP5gfl:^, 1. 1 SS<0M 
I BK^fflStt-SCDSrlSfcl^-C. AEP/MIBKffll 
£il13«#:£ffi£;B^TS«t$ft7i:. l 0 2 

~10 4t. 1. OTorr-fcD^gtClJ; 9»Si$tv/t 0 £ 

a> MJ— (g c-m s) ftfetMC ^feiTJS^C^flS 
ft*® (NMR) 9 5SI8£*ut,, GCIt £ 

fife* 0ttfcfc«fct^tfc*/T/i^WfctoH©3. 3 : 

[0 0 6 7] 
[ft 1 7 ] 
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HN 




NHz 



[0068] mmm 3 

rcIIMBAEPfcitf^P Kf*;> (CDO) 
©jS5c#JT/v^WfcH*£fi£i&©&5t«:SH-. AEP 

(0. , n H"^*/ > (0. 4 , 

7h7t (1 0 OmL) SSitfl 0%Pd/C 

(-o-H-^Aico 4 wt%) iSl LXfyi/7ffl*-h^l' 

ti^JJlfc. 5fE^©ftSft», 7bar (lOOpsi 
g) H 2 T"C, 9 O'CftApm^tbfc E^i±5 5bar 

(8 0 0psig) Ullt^U tUK-A^al'-?l: 
ii$*l:t)i-i|l#tiy (3. 7 9L) ^5xhi> 

£ftfc„ S^rort^ii^HrotaSi-^iP^tuttiSii 



AEP/MIBK1 

ft, fi£#c!feli4 4 >T >^ (10. 2 cm) Vigreux 
# 5 J^'CM'B £ ft, C D DlW®# ( f o r e w t ) 8 . 
8 g, o-3V^?ffi£,ffi#<h Ltl 8 0~1 8 0. 
2 Ombar-CAE P/CDD 5 2 . 1 g Sr#fc„ 
[0 0 6 9] £^14, ^^B7h^77-f-/^ 
.x^:? hn^FD- (gc-ms) ftbm;: ^io^tf 
13 c^att*n,6 (NMR) ^3tifei-J; UTl-^-t-±5* 
2^c0jl-g-^-Cfe5ri*5?l!lS8Sftfco 13 C NMR 
14, UG-Wotf 12:1 OTJt©flMK : StT/^/HtW 

[0 0 7 0] 
[ft 1 8 ] 





-65, 0. (b/s) ~20b/sOM$t 

l^-C#fc>ftfc. ^ftfe©?*— (0. lb 
/s) ^ib^fflf-i^^SSflJffl^ (2 0 b/s) * "CO 

tC*3tt5ii5V^^7 ,, w-'{> L< (4n — 



[0 0 7 2] mffi.M4 

f /uf^^v'y 1 1 st >f /n" y^f ^ i-y (ae 

P/M I B K 1 ) (DiSTcWT/U^HIiS^^fKI^I-OV^ 
t#6hfc„ 9*— ^14^1 fc^ftSo 
[00 7 3] 
[SU] 







(dyne/cm) - 


AEP/M1BK1 




a* 










fwt%) 


0-1 b/s 1 hfs 


6 b/s 


15 b/s 


?Qb/s 


1.0 


47.0 48.3 


49.7 


S0.2 


49.8 


2.0 


42.2 43.0 


43.9 


44.7 


44.7 











*rSblczk<n«B3S^«r^*-ti:fcr. t, £e>l::(44 0dy 

ne/cm^«^B?S73^ 5wt% U-SA-©<£ffl-C»(bftfc 
b/s X''&btitz 1 r--?X^£ftZ>£ ^l-lti-a/if-Cfo 

t^s^ffl m&va icm^c^m x & 5 . 

[0 0 7 5] HffiCT 5 



f-^^^yjb'iyi at> fywr s^t- f y (aep/ 

MAK 1 ) <D&nft7/l'*Mk&!$.ttl!a>M®fof&l!i&&i 

XWmZftfC ^-^(4, AEP/MIAKlfciVA 
E P/MAK 1 ^ft^ftiC^^X^.2 A*J4U ; 2 B tC^ 

£ft3„ 

[0 0 7 6] 
[*2] 
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S 2 A 



BftgBgfl (dyne/cm) - AEP/M IAK1 

¥1 



<wt%1 


0.1 b/s 


1 b/s 


SJ2& 


15 b/s 


20 b/s 


0.1 


48.2 


54.6. 


57.5 


58.2 


58.3 


0.5 


34.B 


37.B 


41 .8 


44.4 


45.2 


1.0 


31.0 


33.0 


35.9 


38.2 


38.B 


2.0 


28.2 


28.4 


31.3 


33.3 


34.1 



56 2 B 







(dyne/cm) 


- AEP/MAK1 


















P-1 b/s 




S b/s 


15 b/s 


20 b/s 


0.1 


54.2 


SG.2 


58.3 


58.5 


58.S 


0.5 


39.0 


44.0 


454 


46.3 


48.4 


1.0 


31.2 


31.0 


37.3 


40.4 


40.8 


2.0 


27.8 


2S.3 


31.8 


35.2 


35.3 



[0 0 7 7] rftibCDii^te, AEP/MI AKlffl 

l. Owt%?@?&(;ro^-c, o. l h/ s (c*Jit-5S3a3S 
^(±31. Odyne/cmTfo'J , -^(T^E^ii 2 0 b/ 
st3 8, 8dyne/cm{Clg;tJPt"5i£t"#*#<^CLi:£:^ 
i% 2wt%U'<>'VCOteffi|Ct5t^T, 0. lb/s-CilJS 
$rL7t^ffi35^I(* 2 8. 2 dyne/cmCM&T U 20b/ 
sT'Jx.3 5dyne/ / cm5|eiiSSro'i4T?S)07t <> AEP/M 
AK1©1. 0wt%^^(COV^-C(i, 0. lb/slC*5 
(t5*B3S*(43 1 . 2dyne/cn)r-$>'3 , ^®3I;frli2 
0b/st*4 0. 8 dyne/cmCUtflP b7t ICt#7j;V \ 2 
wt%U^</W>(£ffl!C:}oV^T > 0. 1 b/sT?i£$hfc 
glIAtt2 7. 8 dyne/anSclST U 20b/sT?$ 
£3 6dyne/cm*?(3tc7?££T-&ofc <> CI CD J; ? 



[0 0 7 8] HJfetaj 6 

r ? ; e-<7 v'^'iff l St p Kf* ; ^ (ae 
p/cddi) roi!7cittT/u:WWbKfS£/&^<73^S;k 

[0 0 7 9] 
[^3] 



S3 







(dyne/cm) 


- AEP/CDD1 




as 

(wJSfel 


0.1 b/s 1 b/B 


6 b/s 


15 b/a 


20 b/B 


0.05 


39.2 41.1 


4S.0 


50.5 


50.7 


0.1 


34.9 3S.2 


39.7 


42.9 


43.5 



[0 0 8 0] 7*—^, AE P/CDD 1 lijfejfefij 4 *5 J; 
17 



(AEP/MIBK2) ©JSTcWT/Udf/WbSJCS^fe 

[0 0 8 1 ] 
[314] 



s83 



«4 



BMaa5gJ3 (dynes/cm) -AEP/MIBK2 



(wtW 


0.1 b/s 


1 b/s 


6 b/a 


15 b/s 


20 b/s 


0.01 


49.6 


53.3 


61.7 


68.4 


69.9 


0.05 


38.7 


39.7 


42.3 


46.0 


48.7 


0.1 


35.2 


35.8 


37.2 


39.1 


40.1 


0.2 


33.3 


33.B 


35.2 


36.8 


37.4 



[0 0 8 2] ^JltCf- ^T/W^WbL/iifeff 
AEP/MIBK2B, *J"^£?-f" 5 ^SS^J 4 0*/U7 



5i tSr^-To 
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8 

(AE P/M I AK2) (DMjtffyT /V* MkKfo&J&lfo 



[0 0 8 3] 
[^5] 



«6 



as 

fwtW 

. 0.01 
0.1 
0.2 



ftMggjlJ] (dynesi l cni)-AEP/MIAK2 



[0 0 8 4] SU\ AEF/M1 AKiifi, tM££)&W 
19 

Stt^JtO 0 . 1 wt^o^ffi^^^^tt* 5 , A S TMD 1 1 

7 3- 5 sizht^K^m^m^^xm^^titc ^<du 

( r^os-c©Bfrflj ) WSlift. :oW»tt, 

ISKiV 1 . v*— fume i:*Jh5o 
[0 0 8 5] 
[3R6] 

86 



0.1 We 


1 b/s 


Sbfe 


1Sb/9 


20b/a 


39.fi 


47.5 


61.3 


89.8 


70.1 


34.3 


39.4 


51.6 


58.4 


51.7 


33.5 


3S.5 


49.6 


50.6 


39.B 



AEP/MIBK1 
AEP/MIAK1 
AEP/MIBK2 
AEP/MIAK2 



tafflsus 

2.7 
2.0 
1.7 
1.0 



12 



[0 0 8 6] ^SCOf'-^tt, MfS 
HJS^iJ l 0 

i&tHifticA^L.? 57* H r- (OCG82520 

CS, Ol in Corporation) ^ ^ff$J 

5(-^®$tvT*Dt), 0. 13 1M TMAHttfcC 



"i J Jl'V— (W I I m i n g t o n, MAOO 
pto — Line Associate si't) ICitl 
3 6 5nm i -«&) Srf^ i: i"5U VtfeflttC S 6 cf 

^WVMCSbSnft. ^7 IS, AEP/MAK 
1 ( 0 . 1 wt% ; 1 0 0 0 ppm ) "C^Efe'} 4 4. 1 dy 
ne/cmlcK-g-S^fcO. 13 1M TMAHTKte^ffi 
$5>$tifcu^^ h&8f«¥i-37h*©v*— 

[0 0 8 7] 
Ug7] 



AEP/MAK1 


f£fi 


mm<t 


(mJ/cm 1 ) 




3.5 


0.99 


5.3 


0.98 


B.8 


0.97 


12.3 


0.92 


15.B 


0.83 


19.3 


0.74 


24.5 


0.61 


31.5 


0.40 


40.4 


0.21 


50.8 


0.10 


63.1 


0.01 



[0088] mmm 1 1 

^f&Sftittt, fl-ffifSmmt L-C AEP/MAK 1 , 
WlfS»tt?PJSr-&trrtTSR^ffia?J^fKSriE-§-StL7tTMA 



ilU 5 OmL/#-e?g?& 1 0 OraLSrfaStfc-Brfc, 



£Sffiffl£ftfcTfjSgmf££iJ*gf££|&t:t-|i. A E P/MA 
K 1 Sr^tpjtfSf*, StSJ^Sr^M 3dyne/cmtC:'[gT"£ 
*3<nir+#ft#M£ttSJ£ £ k^**t£2. 4wt%T 

[0 0 8 9] 
[3c8] 
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a a— sfaea (mo 





AEP/MAK1 


OCG 934 


MF-702" 


MF-319" 


(»> 




3:2' 






a 


0 


0 


0 


0 


1 


12.4 


15.6 


30.5 


51.1 


2 


12.4 


17.2 


72.6 


91 ,4 


3 


12.4 


24.2 


107.4 


135.3 


4 


12.4 


22.9 


156.4 


176.8 


5 


12.4 


22.3 


172.8 


237.8 


e 


12.4 


22.0 


236.2 


275.1 


7 


12.4 


25.8 


2B7.0 


321.3 


8 


12.4 


25.8 


307.6 


372.6 


S 


12.4 


, 25.5 


326.9 


416.7 


10 


12.4 


26.2 
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1 ■ Title of the Invention 

Alkylated Aminoalkylpiperazine Surfactants and their 
Use in Photoresist Developers 

2 . Claims 
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1 . In an oq-jooua photoresist developBr composition containing a surfactant, tha 
improvement which comprises employing as the surfactant an alkylated sminoalkyt- 
piparazlne compound of the structure 



2. The developer composition cf Claim 1 in which cne of R and R is a C5-C14 
alkyl or cydoalkyl group and the other is H. 

3. The developer compos'lion of Claim 1 in which one of R^ and ia a C6-CQ 
alkyl ano the other ia H. 

4. Tha daveiopor sompaaition of Claim 1 in which both R 1 and R 2 are CS to C8 
aJkyi grouoa. 

5. Tha developer composition of Claim 1 h which n is 2. 

8. Tho developer composition of Caim 3 in v/hleh n b 2. 

7. The developer composition of Claim 1 in which the alkylated 
amlnoamylpioerazine is the monoalkylatlan product of aminoethylplperazlne and 




,N— <CHj)„-NH-fV 



where one of R 1 and R 2 is a C5-C14 alkyl or cyeloaikyl group and the ether isH, or both 
1 2 

ol R and R arc C5 to CS alkyl groupE, and n Is 2 or 3. 



2 



-17- 



meihylisobutylkelana, the dialkylatlon product of aminoethylplperazine and 
msthylisooutylketone, the rr.onoalky'ation product of amlnoethylpiperazine and 
methylamylkstone. the diaikylation product of aminoathylpipetazlne and 
nrierhylamylKetone. the menoalkylatiun product of amlnceihylpiperazine and 
melhyl'raoannylketone or the dialkylatlon product of aminoettylpiperozlne and 
ffiethylisDamyfoetone. 

a The developer composition of Claim 1 which contains letramethylarnmonlum 
hydroxide. 

9. The developer composition of Claim 3 which :ontalns tetramethylammonlum 
hydroxide. 

10. The developer composiilon cf Cla\m 7 which contains tetramethylarnmonlum 
hydroxide. 

1 1 . In a proceas for developing a photoresist after exposure to radiation by 
applying to the photoresist surface a de^loper solution containing a surface tension 
towering amount of a surfactant, ths improvement which comprises using aa the 
surfactant an alkylated aminoalkylplperazine Compound having structure 



R1 — ^ ^N— (CHjWNH-FW 

one of R 1 ar.d R 2 is a C5-C14 alkyl or eydoalkyl group and the other la H, or both 




of R and FT are C5 to C8 alkyl groups, and n is 2 or 3. 



3 



-18- 



12. Tho prncsaa cf Oeiin 11 in which one ot R and R 2 Is a C5-C14- alkyl or 
cyc.'oalfcyl group and the other la H. 

1 3. The procsss of Claim 1 1 In which one oi R 1 and R 2 is s C6-C8 alkyl and ths 
other Is H. 

U. The pracsssof Claim 11 in which 30th R 1 and R 2 are C5 to C8 alkyl groups. 

1 5. The pracass of Claim 1 1 in which n is 2. 

1 6. The process of Claim 13 In which n is 2. 

17. The process of ClBim 11 In which the alkylated amJnoalkylplperazlne is tha 
monoalkylalion product of aminosthylpiperazlne and melhylisubutylkBtone, the 
diallcylatlan product of aminoethylpiperazlne and methylisobutylketonB, the 
monoalkylatlon product of aminoethylplperazins and mBthylamylketone. the dialkytation 
product nf amlnoethylpipefazha and methylamylkstcne, the monoalkylation product of 
aminoethylplperazine and methyli30flinylketonB or the dlakytalion product of 
aminoethylpiperazlne and methylisoamylketorie. 

18. The process of Claim 11 which contains tetremethytamrnorium hydroxide. 

19. The process of Claim 13 which contains tetramethylammonlum hydroxide. 
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20. The procaas ol Claim 17 which contains letramathylammoniurn hydroxide. 

21. An aqueous electronics cleaning composition comprising in water tha 
following components 

0.1 to 3wt% letramethylammonlum hyaroxide, 
0 to 4 wt% phenolic cornpcund; and 
10 to 10,000 ppm alkyl amlnealkyloiperaiine, 
the alkyl aminaalkylplpera'zine compound having the structure 

RT — in/ ^IM— (CHa^-NM-RZ 

where one of R 1 and R 2 is a CS-C 14 alkyl or cycloalkyi group, preferably C6-C8 alkyl, 
and the olher is H, or both o' R 1 and R 2 are C5 to C8 alkyl groups, ant! rt Is 2 or 3. 
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3. Detailed Description of the Invention 



FIELD OF THE INVENTION 
The mention relates lo the uae of B | Matea smfnoalkylpiper^Ines to reducs the 
surface tension In water-based systems and h particular as a wetting agBn t [n aqu0CU5 
photoresist developer and electronics cleaning compositions. 

BACKGROUND OF THE INVENTION 
■ .Trie ability 1c reduce the surface tension of water Is of great Importance in 
waferbome coatings. Inks, B dh as iv eB , and agricultural formulations because decreased 
surface tension translates to enhanced substrate wetting :„ actual formulations. Surface 
tension reduction In water-based systems Is generally achieved through trm addition of 
surfactants. Performance attributes resulting from the addition of surfactants Includs 
enhanced surface coverage, fewer defects, and more uniform distribution, Equilibrium 
surface tension performance is important when the system is at rest, However, the 
ability to reduce surface tension under dynefnlo oondijiona is of great Importance, In 
eppBcatlons where high surface creation rates are utifaed. Such applications include 
spraying, rolling and brushing of coatings or spraying of agricultural formulations, or high 
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speed gravure or ink-jet priming. Dynamic surface tension Is a fundamental quantity 
which provides a measure of the ability of a surfactant to reduce surface tension and 
provide welting under such high speed application conditions, 

Traditional nonlonlc surfactenis such as alkylphunol or alcohol ethoxylates, and 
ethylene oxide (EO)fpropylene oxide (PO) copolymers have excellent equilibrium 
Surface tsnslon performance but are generally characterized as having poordynamle 
surface tanslon reduction. In contrast, certain anionic surfactants such as sodium dlafkyl 
sultosuoclnatES can provide goad dynamic results, but those are very foamy and Impart 
w^ter sensitivity to the flnlaheo coating. The problem of foaming is particularly 
troublesome in aqueous photoresist developers used In semiconductor tabrlcatloiv 

The demands of semiccndustDr manufacture have required tha use of high 
performance surfactanls and wetting agents in photoresist developer formulations. As 
line fealjres shrink to smaller sizes and photoresist substrate materials become more 
aliphatic In nature (i.e. having lower surface energy), aqueous developer solutions are 
being formulated with surface tension reducing agents. Another requirement for lhase 
developers la that they hava a low tendency to toarn. This ia accentuated by the 
movement toward larger wafer siree. Low foam formation is particularly Important when 
using spray-puddle techniques bacauBe microbubbfe entralnment during spreading of 
the solution over the photoresist surface can lead to defects. Surfactants that hava boss 
used in the past to increase wetting of the photoresist typfcally lead to higher foam 
formation, Forth© most part the Industry has focused on the effect of surfactant on 
photoresist performance, such as contrast, critical dimension, and feature, sharpness. 
AJthouoh the cleaning ability of underlying substrates is enhanced by typical surfactants, 
foam formation still remains a problem. 
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There is a need tor a family o' surfactants which provide good equilibrium and 
dynamic surface tension properties, are low-foaming, are liquids at room temporalure to 
facilitate handling, are stable under basic conditions and would be widely accepted In 
waterbDrna coating, InK, adhesive, fountain solution, agricultural and elaeironica cleaning 
formulations. 

Ths importance of reducing equilibrium and dynamic surface tension in 
applications such as coatings, inks, adhesrves. fountain solutions, agricultural 
formulations and electronics cleaning compositions, e.g., aqueous developer solutions 
for making semiconductor devices, is well-appreciated in the art 

tow dynamic surface tension is of greet importance in the application of 
waterborne coating9. In an article, Schwartz. J. "The Importance of Low Dynamic 
Surface Tension in Waterborne Coatings", Journal of Coatings Technology, September 
1392, there is a discission of surface tension properties in v/aterbcrne coatings and a 
discussion of dynamic surfacs tension In such coatings. Equilibrium and dynamic 
surface tension ware evaluated far several surface active agents. It Is pointed out that 
low dynamic Burfscs tension Is an important factor in achieving superior film formation In 
waterborne coatings. Dynamic coating application methods require surfactants with low 
dynamic surface tensions in order to prevent defects such as retraction, cratare, and 
foam. 

Efficient application of agricultural products is also nJgtily dependent on the 
dynamic surface tension properties rjf the formulation. In an article, Wlrth, W.; Storp, S.; 
JBoobsen, W, "Mechanisms Oontrs/img Leaf Retention of Agricultural Spray SatMans": 
Pestic. Soi. 1991 , 33; 41 T-420,'the relationship between the dynamic surface tension of 
agricultural fcrrnulationB and the ability of these formulations to be retained on a leaf was 
studied. These workers observed a good correlation between retention values and 
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dynamic aurfacs tension, with more effective retention of fo-mulatlans exhibiting low 
dynamic surface tension. 

Low dynamic surface tension Is also important in high-speed printing as 
discussed In the article -Using Surfactants to Formulate VOC Compliant Wetarbesed 
lnM\ Medina, S. W.; Sutovlch, M. N. Am, Ink Msfte/-1994, 72 (2), 32-38. In this article, 
it Is stated that equilibrium surface tensions (ESTs) are pertinent only to Ink systems at 
rest. EST values, however, are not good indicators of performance In the dynamic, high 
speed printing environment under which the ink is used. Dynamic surface tension is a 
•more appropriate property. This dynamic measurement is an indicator of the ability of 
the surfactant to migrate to a newly created Ink/substrate interface to provide wotting 
during high speed printing. 

Tatramathyiammonium hydrcxide (TMAH) Is the chemical or choice In aqueous 
alkaline solutions for developing photoresists according to Micrvlilhography, Science and 
Technology, edited by J. R. Shaats and B. W. Smith, Marcel Dokkor, Inc., 1898. pp 551- 
S53. Surfactants a.-e added to the aqueuus TMAH solutions to reduce development time 
and scumming and to improve surface wetting. 

US 6,098,475 discloses water-based inl< compositions comprising v/aler, a 
pigment, a nonionio surfactant end a solubillzing agent for tha nonionlc surfactant. 
Dynamic surface tension in Ink compositions for publication grovura printing must be 
reduced to a levsl of about 26 to 4D dyr.es/cm to a« ure that printablllty problems will not 
be encountsred. 

US 5,662,762 discloses an aqueous Jet Ink; or water, dissolved dyes and a tertiary 
amine having two pclyethoxylate aubstituertts arid lhat low'dynamlc sumacs tension is 
important in Ink jet printing. 
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Although many mcncalkylated amlnoalltylplperazlne derivatives have been 
reported, It has no: been recognized these materials possess surface active properties. 
US 3,007,929 discloses compounds of the form 



where R Is s C8 to C15 linear alkyl group. Aqueous solutions of the C12 and C14 
derivatives u/sre effective sterilizing and disinfecting agents for food containers and 
Wtshen utensils. 

Zagudullin arid Baimetov [J. Gen. Chem. USSR (Sngl. Transl.) 1991, 01, 889- 
894; Zfi. Obshcti. Khim. 1991, 61, 978-955J report the alkyiation of amirioethylplperazine 
with ethyl chloride, ally! and methallyl chlorides , and chloroprapeneB. Depending on 
reaction conditions and the amount of alkylating agent used, mono-, dl-, or tri-allyl and - 
methalty) derivatives can be formed: 



H 




H 



R 




B 
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where R = H or CH,. The workers also report the formation of compounds of the form 



Alkylated aminoethylpiperazine compounds are said in this article to be important aa 
catalysts In Hie synthesis ol polyurethanas, polyamines, and epoxy resins. They are 
also said to be useful as seiaclli/e solvents and as auxiliary agents in the textile industry. 
JP 01 38,080 discloses a class of compounds o! the structure 



R' can be C3-CS linear or branched aliphatic, 
R* and R 1 can be C3-C1 1 linear or branched sliphatic, 
one of Ft' ar R* must be H or C1-C2, 
R' Is H or C1-C1Z 1,'near or branched aikyl. 
m and n are each an Integer Iron 0 to 3 with mfns3, 
p is an integer from 2-13. 
Specifically shown Jtf1-r3 : [4 : m3t^ 

These compounds are disclosed as central nervous system aganls and Insecticides. 
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There are few references describing low foam surfactants in developer 
compositions. JP 10-31 S8C6 discloses that commercially available ethyls™ oxide (EOy 
propylene oxide (PO) block, pclymers glue good wetting and low -foam. • 

.IP 03-OB2034 discloses polyoxya Ikylene dimethyl palysiloxanes as good 
Surfactants with low foam in developer formulations. Patysilcxanes are known to 
rearrange or decompose u-der conditions of high pH, 

Although triers are a fsw references to the use ct amines In photoresist 
developer compositions, they are not related to the use of surface actiue agents. 
US 5 253 43S discloses the use of relatively high levels of amine additives (3-30 vfflb) 
and US 5 33S 595 uses amine addltivas at levsla of 5-50 wt%. Both of these disclosures 
.appear to bo using the amines to altar the bulk solvent properties of the developer 
aolulion. 

US 4 997 74B Discloses cyclic nitragBn compounds at levels of 0.1 to 10wt%to 
decrease scum formation and enhance image sharpness during photoresist 
development. Among the cyclic nitrogen compounds taught is the cyclic urea 1,3- 
dimethyl-Z-imidszolidinone. Sirica Iha nitrogon compounds are nol amohipelhic, it la not 
likely that they wvrll I lower surface tensions at low concentrations, and than utility appears 
to be baaed on properties o:hsr than surface tension reduction. 1.3-dimethyl-J- 
imidazolldlnone is well known as a very good solvent and not as a aurlace-actrve 
material. 

US 4 828 965 discloses Ihe use of lower alkanolamlnes (1-4 carbons) In 
combination Willi alcohols Bt concentrations of 0.40-5 wlW. 

US4741-989 discloses the use'of small amounts of amines to modify the 
reaction chemistry of tne quinonadiaziae photoactive compounds in photoresists, but 
only small chain amines are used and na surface aclive amines are cited. 
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US 4 628 023 discloses water eolubls amines as the alkali scarce for developer 
solutions. Bscause the p/afarred pH range Is above 12.5. the use of organic amines 
would necessarily ba at high concentrators. 

JP 61-179331 discloses tfis use of amine-containing devalaper solutions with 
surface tensions of between 25 and 50 dyne/cm. These surface tensions are achieved 
by the use of relatively large amounts of non-surface-activs amines (3-5 wt%) In 
combination with tetrametrtylamnanium hydroxide as tha base. 

SUMMARY OF THE INVENTION 
This invention' provides vuate'-based compositions containing an organic or 
inorganic compound, particularly aqueous organic coating, ink. adhesive, fountain 
solution, agricultural and photoresist develooingfeleclronlcs cleaning compositions, 
having reduced equii.brium and dynarric surface tension by Incorporation of an effeotlva 
amount of an alkylated aminaalhylpteerazlne compound of tha following structure: 

wnsre one or R' and R' is a C5-C1 4 alkyl or cydoalkyl group, preferably C6-C8 alky), 
and the other is H, or both nf Ft' and R* ars C5 to C8 alkyt groups, and n is 2 or 3. It la 
desirable that an aqueous solution of the alkylated amlnoalkylpiperazlne demonstrates a 
dynamic surface tsnsian cf lass lhan 45 dynes/cm at a concentration of <S wt% in water 
at 23 °C ano'-l bubbiei'oecond according to' the maximum-hubbtn pressure method; The 
maximijm,bubbl»-pres6ure method of reassuring surface tension Is described In 
Langmuir 1986. 2, 428-432, wnich is incorporated by reference. 
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By "water-based", "aqueous" or "aqueous medium" <vs moan, for purposes of 
this invention, s solvent or liquid dispersing medium which comprises a1 least 90 wt%. 
preferably at least 95 wt%. water. Obviously, and most preferably, an all water medium 
is also included. Also for purposes of the present Invention, the terns "pholoraslet 
developing" and "electronics cleaning" are interchangeable. 

Also provided is a mslhod for lowering the equilibrium and dynamic surface 
tension of aqueous compositions by the Incorporation of theae alkylated amlnaalkyl- 
plperazlne comcounds. 

Also provided Is a msthod for applying a coating of a water-based Inorganlo or 
organic compound-containing composition to a surface to partially or fully coat ths 
surface with the water-based composition, the composition contalnlno an effective 
amount of an alkylated aminoalkyipiperatine compound of thB abovs Structure for 
reducing the dynamic surface tension of the water-based composition, and allowing tha 
water to evaporate. 

There Is also provided a method for developing a photoresist after exposure to 
radiation by applying to the photoresist surface a water-based developer composition 
containing an effective amount of an alkylated amlnoalkytpiperazlne compound of lhB 
above structure for reducing the dynamic surface tension of the developer compositlnn. 

There are significant advantages associated with the use of these alkylated 
aminoalkylpiperazlnes in water-based organic ooatlngs. inks, adhesivea, fountain 
solutions, agricultural compositions and electronic cleaning compositions and these 
advantages Include: 

an ability to formulate watar-borne coatings, inks, fountain solution* and 
agricultural compositions which may be applied to a variety of substrates 
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with excellent wetting of subalrate surfaces Including contaminated and 
low energy surfaces; 

an ability to provide a rsdLction in coating or printing detects suon as 
orange peel and (low/levelinfl deficiencies; 

*n ability to produce water-borne coatings and inks which have low 
volatile organic content, thus making th=« surfactants environmentally 
favorable; 

■:• •■ ] en ability to formulate coating and Ink compositions capable of high speed 
application; and 

an ability to formulate compositions which retain excellent dynamic 
surface tension properties under strongly basic, high tempeiature 
environments. 

an ability to formulate | w surface tension aqueous electronics cleaning 
and processing solutions, including photoresist dBveloper solutions, (or 
the semiconductor manufacturing Industry with g D od vetting and 
extremely low foam. 

Because ofthelr axoellenfaurtactant properties and the ability te control Ibarn. 
mm material, are likely l 0 find use In many apptcations h which raductlon in dynamic 
and aqulibrlum surface tension and low foam are Important. Applications in whbh low 
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foam is important include various wet-processing textile operations, such 83 dyeing of 



libers, fiber souring, and 'tier boiling, where lo\#-foamlno properties would be particularly 
advantageous; they may also have applicability In soaps, water-based perfumes, 
shampoos, and various detergents where their marted ability to lower surfaci tension 
while simultaneously producing substantially no foam wsufct be highly desirable. 

Tha use ol these materials in aqueous photoresist developer formulations is of 
particular importance because of their ability to provide all the advantages of surface 
tension lowering plus outstanding performance fr\ reducing tile formation of foam, even 
under extreme conditions, and dolne so while maintaining good contrast for photoresist 
developing applications. Other applications In :he electronics Industry using aqueous 
processing .nadia would also benefit from good dynamic wetting and low foam. 



where one of R' and R J is a C5-C14 alley! orcycloalkyl group and me other is H, or both 



and dynamic surfaces tension in water-basec! compositions containing an organic 
compound, particularly coating, ink, adhesive, agricultural and electronics processing 
compositions containing organic compounds such as polymeric resins, organic basas. 
herbicides, fungicides, insecticides or plant growth modifying agents. !t is desirable that 
an aqueous solution of the alkylated amhoaB^ylpiperezins demonstrates a dynamic 



DETAILED DESCRIPTION OF THE INVENTION 



TnlE Invention relates to th» use of compounds ol the formula 




of R" and R s are C5 -,o C8 alky! groups, and n Is 2 or 3, for Una reduction of equilibrium 
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surface tsneion of Iocs than 45 dynes/cm at a concentration of s5 vii% In water at 23°C 

.i- 

and 1 bubbla/second according So the maxlmum-bubble-preasuro method. The 
maxiruim-bubble-pfessura method of measuring surface tension Is described in 
Lang/ni/r1986, 2. 428-432, which Is incorporated by reference. 

In one aspect of the invention the alkylated aminualkylpiporazines of (Jib above 
formula display excellent ability to reduce equltbrlum and dynamic surface tension while 
producing substantially no foam. 

These materials can be prepared by reductive alky'e;ion of the parent 
ammoalkylp:p?razines win aldehydes and ketones using wall-established prooedurea, 
The- essantlal aspects or the preparation are the reaction of an aldehyde or ketone with 
the amlnaalkylprperazine tc make an imlne or eneamine Intermediate which than reacts 
with hydrogen In the presence of a suitable hydroasnatlcn catalyst to form the 
corresponding saturated derivative: 

RWK2 + r X h .. — * 

The imine or eneamine derivative may be preformed or may be prepared In situ. 

The reductive alkylation procedure is Uie method of choice forthe production of 
these malerials. bui Ihe products may also be prepared by reaction of an amlnoallcyl 
piperazine with an alkyl halide. This reaction is illustrated for tha reaction of 
amlnoethylpipe-azlne with an alkyl chloride: 
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where in the product, at least one of R' and R 1 la R, and the :ther Is either R or H. 

Amlnoalkylplperazins starting materials which are suitable for use In the reductive 
alKylation reaction include compounds or the form 

I IN^^N— (CHj) n -NH 2 

where n ia 2 or 3. Specific examples include amjnoelhyl piperazine and amfnopropyl 
piperazine. 

AiKyl groups which are suitable for use in this invention should have sufficient 
carbon number to confer surface activity (I.e. an ability to reduce the surface tension of 
water) to the material but not enough carbon to decrease the solubility to Ihe extant that 
ihe ability of the material to reduce surfgcG tension Is Insufficient for a particular 
application. In general, an Increase In the carbon number increases the efficiency of the 
surfactant (ie. less surfactant is required to obtain a given decrease in surface tension) 
but decreases its ability to reduce surface tension at high surface creation rates. The 
latler effect Is a result of the fact that increased carbon number decreases the water 
solubility or critical micelle concentration (CMC) of the material, and consaquentfy, 
diminishes the diffusive flux cf eu-factant to newly-created surface. Generally, in the 
practice of this invention, it is desirable to use alkylated amfnoalkylplperazlfles with a 
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solubility limit or CMC from 0.001 to about 50 g/1 00 ml. of the total aqueous formulation, 
preferably from 0.01 to 1 D g/100 mL, and moat preferably from 0.05 to 5 g/100 mL 

Monoalkylated derivatives should be substituted with alk/t groups containing five 
to 14 carbon atoms, preferably six to eight carbon awns. Alkyi groups are most- 
preferaoly derived from reductive alkylatlun reactions of methyl isobotyl kstone and 
methyl Isoanyl ketone because these products would be the most econorrtal, but alkyi 
groups derived from C5 to C 14 aldehydes or ketones are suitable. SpBcific examples of 
suitable aldehydes and ketones Include 2-pontanone, 3-psntanone, piveldehyde, methyl 
isopropyl Ketore. methyl isobutyl ketone, methyl isoamyl ketone, 2-hsxanone. 3- 
hexanone, methyl (erf-butyl ketone, ethyl Isopropyl ketone, 2-methylhexanal, >.. 
heptanone, 3-heptenone. 4-heptarcne, i-octanone, 3-octanone. 4-octanone, 2- 
Ethylhexanal, cyolopentanone, cycbhexancne, Sycloheptenone, cyclooctanona, 
cyclodecanone, Cydorfodecanone, 2-dodscanone, 1-dDdecar.al, 2-tetradecanone, 
S-tstradecanone, and so on. The alkyi groups may be linear or branched, and (he point 
of attachment to nitrogen may be on either an internal or terminal carbon. The specific 
sarbonyl compcund chosen will depend on the surfactant properties required for a 
particular application. The alkyi groups for the monoalkylatea' derivatives may be 
attached taeitherthe nitrogen present on the elky! chain, cr to the ring nitrogen. The. 
use nf mixtures of ring, and chain-alkylatad amlnoalkyl piperasiries la preferred since 
thsn the synthesis and pur'fisaiion of the materials is simplified. 

For dialkylatec amlnoalkyl piperazines, the alkyi groups may be the sams or 
different, but should again sonlain sufficient carbon to confer surface activity, but not so 
much carbon that the solubility or the surfactant decreases to the extent tHat the ability af 
the surfactant to raduca the surface tension of water is insufficient for a particular 
application. In general. cJalkylated amlnoalkyl plperaanss possessing alkyi groups with. 
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in aggregate, 9 total ol about 1 0 to 1 6 alkyl caraons are preferred. The atkyt 
aufcslituents may b« linear or branched, and (ha point of attachment to the nitrogen may 
be on either an internal or terminal carbon. The most preferred derivatives are those in 
which the alkyt graups are the same, because manufacture „f these materials win bethe 
most straightforward. Specific examples of sul;aBlo R, and R, include n-pentyl, 2-pentyl. 
3-pentyl, Isopentyl. n-he*yl, 2-hexyl. 3-hexyl. cyclohexyl , a-H-mathylpentyl}, 2-|5- 
methylhaxyl), n-octyl. 2-octyl, 3-octyl, 2-dodecyl, cyclododecyl, and so on. 

■ An amount of the aminoalKylpipernilne compound thai Is affective to reduce the 
equilibrium andfar dynamic surface tension of the woter-taeed. organic conpnund- 
oonlalnlng composition Is added, buch effective amount may range from 0,001 to 20 
g/100 mL, preferably 0.01 to 10 g/100 mL, and most preferably 0.05 to 5 g/100 mL of the 
aqueous composition. For water-based photoresist developer/electronics olaaning 
compositions effective amounts ma y range 'ran 0.001 to 1 07100 mL, preferably 0.002 
to 0,8 g/100 mL, and most preferably 0.005 to 0,5 9/100 mL, Naturally, the most 
effective amount will depend on the oartlcutar application and the sole bility and Or critical 
mlcalle concentration of the alkylated aminoalkyl plpersizlne. 

The alkylated arninnalkyfpiperajines are suitable for use in an aqueous 
composition comprising in water an inorganic compound which is a mineral ore or a 
nirjment or an organic compound which Is a pigment, a polymarizahle monomer, such as 
addition, condensation and vinyl monomers, an oligomer* resin, a polymeric resin, a 
decent, a caustic cleaning agent, a dissolution agent such as telramethylammonium 
hydride (TMAM), a harbloide, a fungicide, en hsectlclcfe, or a plant growth modifying 
agent. 

The use of the dialkylated aminoalkyl pipeline as a surfactant is particularly 
advantageous in the coopers for photoresists thai am -mployed in the semiconductor 
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industry. Such devalopsra and their use are well known In the art and do not need to b. 
described In detail. The improvement provided by this invention, which could not have 
been fen eseen. involves the use in the.e developer formulations of certain alkylated 
aminoalkyl pipsradne containing 5 to 14 carbon atoms in the alkyl group on the nitrogen 
atom and certain dialkylated aminoalkyl piperazine containing 5 to 8 carbon atoms in 
each alliyl group on the nitrogen atoms. 

In the following water-baaed organic coating, ink, adhesive, fountain solulion. 
agricultural and photoresist cevelopB.- compusitiane containing an ellcylated 
aminrjalkytplpsrazine according to the invention, the other listed components Of such 
compositions are those materials well known to the workers In the relevant art 

A typical water-based protective or decorative organic coating composition to 
which the alkylated aminoalkylpiperazine surfactants ot (he Invention may be added 
would comprise in an aqueous medium 30 !o 80 wt% of a coating composition of the 
following components: 



Water-Based Organic Coating Composition 


0 to 5C wt% 


Pigment Dlspcrsant/Grind Resin 


0 to 82" ttrt% 


Coloring Plgments*xtender f?igments;Anti- 

Corrosiva Pigments/Other Pigment Types 


5 to 98.9 v»t% 


Water-BomB/V/ater-Disperslble/WHter-Soluble 
Reslna 


0 to 30 w[% 


Sl.p Addltlves/Antimlerobials/'Proeeseing 
Aids/Defoamer6 


0 to 50 wt% 


Coalescing or Other Solvents 


0.01 to 10 wt% 


Surfactant/Wetting AoentfFtow and Leveling Agents 


0.01 to 20 wl% 


Alkylated Aminoalkylpiperazine 



A typical water-based ink composition to which the alkylated 
arninoaikylplperazlne surfactants ot the Invention may be added would comprise h 
aqueous medium 20 to 80 wttf, of an Ink composition of thefcllowing components; 
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Watar-Baaed Ink Com position 


1 to 50 wt% 


Pigment 


0 to 50 vfi'A 


Plgnant Dispersant/Grind Retin 


o to 50vn% 


Clay base in appropriate resin solution vehicle 


5to99.Sw1% 


Watsr-BcrneWater-DiopersbleAWater-Saluble 
Resins 


0 to 30 wt% 


Coalesc'ng Soli/ante 1 


C.01 10 10 WW 


Surfactant/Wetting Agent 


D-01 to 10 WW 


P.'oceeamn AldaOefoarnerVSoublllzlnp Anents I 


D.01 to 20 wfirf 


Alkylated Aminoalkylpiperazlns 



A typical water-based agricultural composition to which the alkylated 
amlnoalkylpiperaztns surfactants of the Invention may be added would comprise ii 
aqueous medium 0.01 to 80 wl% of an agricultural composition of the totowinfl 
components: 



WaMr-Baeod Agricultural Composition 


0.1 to 50 wt'A 


Pesticide, Insecticide. Herbicide or Plant Growth 
Modiryinrj Arjent 


0.01 to 10wt% 


Surfactant 


0 to 5 wt% 


Dyes 


0 to 20 wt% 


Thickenera/Stabilzers/Co-surfactsnts/Qel 
Inhiblbra/Oefoarners 


0 to 25 wt% 


Antifreeze 


0.01 to 50wt% 


Aikylated AmlnoalkvlpiperaziriB 



A typical water-based fountain solution composition to which the alkylated 
aminoalkylpiperazlne surfactants of the invention may be added would comprise In an' 
aqueous medium 3D to 70wt% cf s fountain solution composition containing the 
following components: 
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VI ater-Baaed Fountain Solution 


0 05 to lOwtW 


. F'lm formabls. water solubla macromoleeule 


1 to 25 wt% 


Alcahol. glycol, orpolyol with 2-12 carbon 
atoms, water soluble or can pa made to 6e 
water soluble 


0.01 to 20 wt<M> 


Water sntible organic add, Inorganic add. or a 
salt thereof 


0.01 to 5wt% 


Alkylated AmfnoalKylpiperazlne 1 



A typical water-based adhesive composition to which the alkylated 
amincalkylpiperazine surfactants of the Invention may ba addad would comprise In en 
aqusous medium 30 to G5 wt% of an adhesive composition containing the foUaiving 
components: 



Water-Based Adhesive 


50 to 95 wt% 


=olymerio Resin [8BR. VAE. Acrylic) 


O to 50 v/t% 


TacMfier 1 


0 to 0.6 wtK> 


Defoamer 


0.5to2»M")4 


Alkylated Amlnoalkylpipersjino 



A typical water-baaed photoresist developer, or electronic cleaning, composition 
to which the alkylated Bminoakylpiperazlne surfactants of the im/urrfion may he added 
u/ould comprise an aqueous medium containing the following components: 



Water-Basad Photoresist Developer ComDoaitlon 


0.1 to3wt% 


Tetrarnethytannnonlum Hydroxide 


0to4wt% 


Phenolic Reain 


10 to 10.000 pp-n 


Alkylated Amlraalkylplperazlne 



Briefly, .he process 1o,' manufacture of fntegratad cirouita involves the application 
of a film of photoresist composition to a suitable substrata, such as a silicon wafer, which 
Is then exposed to actinic radiation In a dBsIgn pattern that is imposed upon the 
photoresist film. Depending up=n whether the photoresist is positive cr negative. 
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working, the radiation aithar increases or decreases Its solubility In a subsequently 
applied developer solution. Consequently, in a positive-working photcreslst.lrie areas 
masked from the radiation remain after development while the exposed, areas are 
dissolved away. :n the negative-working photonesis! the opposite occurs. The 
surfactant cf thla invention can be used in developers for either type of photoresist The 
character of ths ds-veloper is very important in determining the quality of the circuits 
formed and precise contra: of developing is essential, To aehisve better surface watting 
by the developer is has been ccmmon lo add surfactant to the formulation in order to 
reduce surface tension or the solution. This addition, however, can cause the devsloper 
to foam which leads to circuit defects. Th'3 foaming problem Is also recognized In the 
art and consideraols attention In the industry has been directed toward Its solution. 

The aqueous developer, or electronics cleaning; solutions in which use of the 
alKylated aminoalkyl piperajine Is preferred are the aqueous solutions of 
tetramethylammoniL'm hydroxide (TMAH). These developer, are also well Known in the 
art. Commercial developers usually contain low/ levels ol surfactant on the order of 50 tc 
1O00 ppm by weight. Surfactant level should not exceed that required lo achieve the 
desired surface tension of the solution. For example, surface tensions of about 40 to 45 
dynesrem would be appropriate for novolac-based pho:oresist resins. Advanced resins 
that Often incorporate aliphatic groups might require a developer with lower surface 
tension to enhance vue:tin g . One of the advantages ol the surfactants of this invention is 
that suitable Surface tensions can be obtained at bwer lewis than is required by other 
wetting agents. This ir. Itself Is a step toward solving the foaming problem in the 
manufacture of microcircuitry. 
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Example 1A 

This example Illustrates the procedure for the preparation of tho reductive 
alkylatiun product of HZ-arnlnoethyi)Diperazlrm (AEP) and methyl iacamyl ketone 
(M1AK). 

AEP (1.0 mole), M'AK (1.1 mole) and 10% Pd/C (4 w(% of total charge) were 
Charges to a one liter stainless steel autoclave. The reactor was sealed 3ntl purgecl ^i, 
nitrogen then hydrogen. The contents ot the reactor were heated to 90°C under Z oar 
(100 psig) Hi The pressure was incraaaed to 55 bar (SOD paig) and maintained 
throughout the reaction (e (lours) oy the admission of hydrogen from a 1 gallon (3.79 L) 
ballast on demand by a dor™ regulator. The rsaaor contents were analyzed by GC/FID 
and found to be 77.9 aroaV. monoalkylated and 19.2 orea% dlalkylatsd AEP. The 
monoalkylated product was isolated by distillation at 142-1 46*0, 4.0 millibar [3 Torr). 
The dialkylated product was purified by distillation at 148-150'C, 0.S3 millibar (0.4 Torr). 

The monoalkylated derivative (AEP/MIAK1) was Identified by gas 
chrornatography/mass spectrometry (Qc-ms) and 'H and "C nuclear magnetic 
resonance (NMR) spectroscopy as a 5.2:1 mixture Of the chain and ring alkylated 
material shown below. 




AEP/MIAK1 

. Trie structure of the dialkylated material, was shown to be that balow using the 
Same analytical techniques: 
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AEP/MIAK2 



Example IB 

This example Illustrates the preparation of the rsducilva alkylation product of 
Afc-P and methyl amyl ketone (MAK). 

AEP (1.25 mole), methyl amyl ketone (1 .37 mole) and 10% Pd/C (3 wt% of total 
charge) war© charged to 3 one liter stainless steel ajtoclave. The reactor was sealed 
and purged with nitrogen then hydrogen. Ths contanfe of the reactor were hasted to 
80'C unc'sr 7 bar (100 psigj H2. The pressure was increased to 55 bar (600 paig) and 
maintained throughout trio reaction (5 hours) by the admission ot hydrogen from a 
1 gallon (3 79 (.) ballast on damand by a dome regulator. The water of reaction was 
removed in vacuo and the crude product dlstBted through a 1 1nch (10.2 cm) Vigreux 
column lo giye 208.4 g of AEP/MAK1 at 1 55-igcc and 14 mbar fn torr) 39 a colorless 
liquid. 

The product was confirmed lo bs a mixture ot the two components shown below 
by gas ehrornatcgraphy/rrtass spectrometry (gc-ms) and 'H and "C nuclear magnetic 
resonance (NMR) spectroscopy. ,J C NMR showed that the mixture won composed of a 
6:1 ratio of chaining alkylated material 




AEP/MAK1 
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Example 2 



This example illustrates the procedure for the preparation of the reductive 
alkylatlcn product o" AEP and 2 equivalents of methyl Isobutyl Ketone (MIBK). 

AEP (0.3 rr.ole), methyl isobutyi ketone (1.6 mole) and 5% Pd/C (4 wt% of total 
charge) were charged la a o-ie liter stainless steel autoclave end reacted as In Example 
1 for 22 hours. The reactor contents were analyzed by GC/FID and found to be 97.8 
arsa% dlalkylalad AEF. The prpdurtwas purlfiBd by distillation at 152-15d*C, 2.7 

millibar (2 lorr). 

The structure of the product was confirmed to be that shown below by gas 
chromatsgrapliWmaGS spectrometry (gc-ms) and 'H and "C nuclear magnetic 
resonance (NMR) spectroscopy. 



The monoaUylated dariva live was prepared using a procedure clmllarta that 
used for AEPj'M!BK2, except that only 1.1 equivalents of MIBK was.Used. The product 
was purified by distillation at 1C2-104 G C. 1 .0 torr. Ths structure of the product was 
csnfirmsd by gas crtromatography/mass spectrometry (gc-ms) and 1 H and ls C nuclear 
magnetic resonance (NMR) spectroscopy. GC was used to establish that the product 
was comprised of a 3. 3:1 mixture uf chain and ring m onoslkylated material. 




AEP/MIBK2 



2 7 



-42- 



H 



'rr > >o 




N. 



AEP/MIBK1 



Example 3 



This example illustrates the preparation 3f the reductive alkylatlon product Dt 
AEP and cyelododecanona (CDD). 

■ AEP (0.4 mole), cyclododacanone (0.42 mole), tetrahydrcfuran (100 ml.) and 
10%'Pd/G <4 wt% of total charge) wore charged to a one liter stainless steel autoclave. 
The reactor was sealed and purgad wltri nitrogen then hydrogen. The contents of the 
reactor were heated to 90°C under 7 bar(100 psig) H t . Tha pressure was increasadto 
55 bar (BOO psig) and maintained throughout tha reaction (24 hours) by the admission of 
hydrogen from a 1 gallon (3.7S L) ballast on demand by a dome regulator. The reactor 
contents wern cooled to ambient temperature and the catalyst remov«d by filtration. The 
solvent and water were removed In vavjo and the crudB'produci distilled through a 4" 
(1 0.2 cm) Vlgreux column to give a forccul of fl.B g of CDD followed by 52. 1 g of 
AEP/eDD1 at 1Bn-ia2«C and 0.20 rnbar as a colorless liquid. 

The product was confirmed to be a mixture of the two compounds shown below 
by gas chramatographWmass spectrometry (gc-ms) and 1 H and "C nuclear magnetic 
resonance (NMK) spectroscopy. " C NMR showed that the mixture was composed of a 
12:1 ratio of chaln.rlno alKylated material. 
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AEP/CDD1 



In the Mowing Examples dynamic surface tension data wens obtained for 
aqueous solutions of various compounds using the maximum bubble pressure method at 
bubble rates from 0.1 biibclssJsecond {bis) to 20 hit. These data provide information 
about the performance of s surfactant at conditions from naar-squiiibrium (0.1 b/sj 
through extremely high surface creation ratas (20 b/s). n practical terms, high bubble 
rales correspond to high printing Bpeeda in lithographic printing, high spray or roller 
velocities In coatlnfl applications, and rapid application rates for agricultural products. 

Example 4 

Dynamic surface tenaicn data were obtained for aqueous solutions of the 
redueth/e alkylation product of aminoethyloiperazlne with one equivalent of methyl- 
iscbutylketcna (AEP/MIBK1) using the above procedure. Tne data are presented In 
Table 1. 
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Table 1 



Dynamic Surface Tension (dynefcm) - AEP/MIBK1 



Concentration 












(wt%) 


Q," Ws 


1 bis 




15 b/? • 


20b,' S 


1.0 


47.0 


■4B.3 


49.7 


50.2 


4S.S 


2,0 


42.2 


43.0 


43.9 


44.7 


44.7 


5.0 


34.1 


37.4 


33.1 


38.6 


36.6 



These data show that AEPMIBKI effectively reduced the surface tension of 
water, and that surface tensions below 40 dyne/cm could be achieved at a use level of S 
wt%. The performance under conditions of high surface creation rata vvaa particular!/ 
good, as Illustrated by the data obtained at 20 b/s. Such a marked ability to lower the 
surface tension of water under a variety of conditions Is certainly of utility in water borne 
coatings, inks, adhesh/es, end agricultural formulations. 

Example 5 

Solutions in distilled water of the reductive alkylation product of 
aminoethylpiperazine with one equivalent of methyl Isoamyl tetone (AEP/MIAK1) and 
Qmiiioethylplperazine with one equivalent of methyl emy\ ketona (AEP/MAK1) were 
prepared and their dynamic eurfaoe tension properties were measured using the 
procsdure described above. The data are set forth Tablas 2A and 28 for AEP/MIAK 1 
and AEP/MAK1, respectively. 
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Table 2A 



Dynamic Surface Tension (dyne/cm) -AEPMIAK1 



Concentration 












fwt%) 


Libia 




6b.'s 




2Qb/s 


o.-i 


18.2 


S4.5 


57.5 


58.2 


56.3 


C.5 


34.B 


37. B 


41.6 


44.4 


45.2 


1.0 


31.0 


33.0 


35.9 


38.2 


38.8 


2.0 


28.2 


28.4 


31. J 


33.3 


34.1 



Table 2B 

Dynamic Surface Tension (dyne/cm) -AEP/MAK1 

Concentration 



(wt%) 


C.1 Ms 


1 b/B 


6 b/a 


15b/s 


20 b/3 


0.1 


' 54.2 


56.2 


58.3 • 


58.5 


58.6 


0.5 


3S.0 


44.0 


45.4 


46.3 


46.4 


1.0 


31.2 


31.0 


37.3 


40.4 


40.8 


2.0 


27.8 


28.3 


31.8 


35.2 


3S.3 



These results show that for a 1.0 avt% solution of AEP/MIAK1. the aurtaoa 
tension at 0.1 b/a wsb 31.0 dyne/ cm and that the surface tension increased only to 36,8 
dynsycm at 20 b/e. Ata uae laval of 2 wt%, the surface tension measured at 0.1 brs 
dropped to 28.2 dyns/cm and remained under 35 dyne/cm even at 20 b/s. For a 1,0 
WA solution of AEPflVIAKl, trie surface tension at 0.1 a/8 was 31.2 dyne/em and that 
the surface tension Increased only to 40,8 dyne/cm at 20 b/s. At a use level of 2 vA%, 
the surface tension measured at 0.1 b/s dropped to 27.8 dyne/em and ramained"under 
35 dynafam even at 20 b/a. The ability of the surfactants of this invention to mairrtaln 
this extremely tow surface tension under audi rapid application conditions would be of 
use in high speed coating and Ink processes, particularly when the substrate possesses 
a lov/ energy surface. The outstanding performance at thase high surface creation rates 
will provide superior productivity by enabling high printing speeds t>r application rates for 
vuater-toaseu" coating, inlc, and agricultural formulations. 
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Example 6 

Solutions In distilled water of tha reductive alleviation product of . 
arninoethylpiperazine with one equivalent of cydododecanone (AEP/CDD1 ) wera 
praps red and their dynamic surface tension properties ware measured using the 
procedure described above. Trje data are set forth Table "3. 

Table 3 

Dynam c Surface Tension (dyne/cm) - AEP/COD1 

Concentration 





■ 0.1 b/e 


1 B/3 


6 bla 




20b/s 


0.06 


39.2 


41.1 


46.0 


30.3 


50.7 


0.1 


34.9 


36.2 


33.7 


4Z.9 


43.5 



Tha data 6how that AEP/CDD1 Is more efficient than tha surfactants cf Examples 
A and S, I.e. equivalent performance can be achieves at a Isvueruse level. Thus, 
effective performancs can be achieved in aqueous formulations, even at relatively low 
use levels. 

Example 7 

Solutions In distilled water of 1h= reductive alkylatlon product of 
aminoethylpiperaiine with two equivabnts of methyl laabutyl ketone (AEP/MIBK2) were 
prepared and their dynamic surface tension properties were measured using the 
procedure described above. The data are sai forth Table 4. 
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Table 4 



Dynamic Surface Tension (dynes/cm j — AEP/M IBK2 



Concentration 












GsSil 






6 b/a 


15 b/s 


20 b/s 


0.01 


49.6 


53.6 


G1.7 


■ 6&4 


69.9 


0.05 


36.7 


3S.7 


42.3 


46.0 


46.7 


0.1 


35.2 


35.8 


37.2 


33.1 


40.1 


0.2 


33.3 


33.8 


35.2 


33.8 


' 37.4 



These data illustrate tnat the dlalkylated material AEP/M IBK2 was much more 
efficient than the corresponding monoalkylated product AEP/MIBK1 of Example 4. 



Example 8 

Solutions in distilled water of the reductive alkylation product of 
amlnoeltiylplperazine with iwo equivalents of methyl Iscamyt Ketone (AEP/WIAK2) wers 
prepared and their dynamic surface tension properties were measured using the 
procedure described above. The data are sat forth Table 5. 



Table S 



Dynamic Surface Tension (dynes/cm) -AEP/M1AK2 



Concenlration 












(wt%; . 


0.1 b/s 




6 b/s 


15 Ws 


20 b/s 


0.01 


39. a 


47.5 


61.3 


69.8 


70.1 


0.1 


34.3 


39.4 


51.6 


68. 4 


51.7 


0.2 


33.5 


38,5 


49.6 


50.3 


33.6 



Again, AEP/MIAK2, exhibited a gocd ability to reduce dynamic surface tension In 
aqueous compositions. 
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Example 9 

The foaming propertiea of D.I wftl solutions af the alkylated aminoaiky.l- 
plpgrazlne cur'actante of ihla Invention were examined uslno, a procedure based upon 
ASTM D 1 173 - S3. In [his :est, a 0.1 wt% solution of the surfactant is added from an 
elevated foam pipette to a fsam racsiver containing the sarr.e solution. The foam height 
is measured at the completion of the addition ("Initial Foam Height") and the time 
required for the foam to dissipate at ths air-liquid interface ("Time to 0 Foam") Is 
reeordsd. This test provides a ccmparison beweon the foaming characteristics of 
various surfactant solutions. In general, in coatings,' inks, and agricultural formulations, 
foam ia undesirable because it complicates handling and can lead to coating and print 
defects, and to inefficient app'icatlon of agricultural materials. The data are presented in 
Table 6. 

Table6 
Foam Teat Data 

Initial Foam Time to Q Foam 
Compound Heinht (cm) (sec) 

AEP/IWIBK1 2.7 1 2 

AEP/MIAK1 2.0 3 

AEP/1UIBK2 1.7 2 

AEPJMIAK2 1.0 3 

The data In Table 6 show that the compounds of this Invention form little foam 
and that which forms dissipates quickly. 
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Example 10 

A commercially available photoresist (OCG 825 20 oS, Olin Corporation) was 
used to cost a 4 Inch silicon wafer with a film thickness of approximately 1 micron. This 
.-eslst Is designed to be much mora soluble in developer solutions and was used with 
0. 131 M TMAH. The photoresist was exposed to UV radiation centered at 385 nm 
(mercury Ulne) through a variable transmission filter (f.-orr. Opto-Une Associate*. 
Wilmington MA), which conelstad cf a circular arsa on a quartz plats broken up Into 
wedges of varying transmission levels. Different areas or the resist wsre than expoeed 
to the uv radiation al various levels of Inlenslty by positioning the wafer under an 
apBrtura opening and operating a shutter. Table 7 shows dala for the dissolution of 
exposed resist with e 0.131 M TMAH aqueous solution formulated with AEP/MAK1 
(0.1 wt%; 1QOa PP (T)toa surface tension of 44.1 dynes/cm. The data show outstanding 
selectivity, even uitth this highly sensitive photoresist formulation. 
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Table 7 



AEP/MAK1 


Dose 


Normalized 


(m-Vcm") 


Film 




Thickness 


3.6 


0.99 


5.3 


0.9S 


8.8 


0.97 


12.3 


0.92 


15.S 


0.83 


19.3 


0.74 


24.5 


0.61 


31.S 


0.40 


40.4 


0.21 


50.8 


0.10 


63.1 


0.01 



Example 1 1 

Foam tests wens made in TMAH developer solutions formulated with AEP/MAK1 
as a surfactant and with three commercial developer solutions containing surfactants. 
Data wars collected utilizing a foam generating apparatus whereby nitrogen gas waa 
passed through a frit and bubblad th-augh 100 ml of the solution, at 50 mL/mln. Except 
for the commercial devaloper solutions which were used as received, the AEF/MAK1- 
containing solution ccntairrad 2.4 wt% TMAH in water with enough surfactant to lower 
surface tension to about 43 dyne/cm. The results are gluen in Table B. 
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Table 8 -- Foam Volume (mL) 



Time 


AEP/MAK1 


OCG 934 


Mr-732' 


MF-319" 


(rnin) 




3.2" 






0 


0 


0 


0 


0 


1 


12.4 


15.6 


39.5 


51.1 


2 


12.4 


17.2 


72.S 


91 .4 


3 


12,4 


24 2 


107.4 


135.3 


4 


14.4 


22.9 


156.4 


176.8 


S 


12.4 


22.3 


172.8 


237.6 


6 


12.4 


22.0 


236.2 


275,1 


7 


12.4 


25.8 


287.0 


32'. .3 


e 


12.4 


25.8 


307.6 


372.6 


g 


12.4 


25.5 


326.9 


416.7 


10 . 


12.4 


26.2 


301.3 


460.6 


11 


12.4 


26.5 


340.2 


502.0 


12 


12.4 


26.8 


404.8 


544.9 


13 


12.4 


26.B 


433.6 


594.7 


14 


12.4 


26.9 


483.6 


647.5 • 


15 


12.4 


27.3 


514.9 


6B1.1 



■ Commercial developer solution from Olln (now Arch Chemical) 

' Commercial developer marketed under the Microposi9«B trademark by Shipley 

The above data lr Table 6 shatv thai TMAH davaloper solution containing th« 

AEP/MAK1 as the surfactant developed considerably less foam than the commercial 

devataper solution* containing other type3 of surfaelant. It is quite eurprlslng that 

alkylated amlncalkylplperazines containing C5-C8 BlJtyl groups Increase the ability of 

these materials to reduce both surface tendon and foaming tendency in TMAH 

developer solutions while maintaining good contrast for photoresist developing 

applications. These goals are achieved while lowering the level of alkylated 

aminoalkyipiperazine required for a desired surface tension reduction, 
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Example 12 

Table 9 presents additional data indicating the low 'oam associated with (he 
AEP/MAK1 wetting agent in a 0.2S2.N TWIAH solution obtained using the Ross-Miles 
technique. 

Tables 



Polyamlne 


Cane Cppm) 


R-W Foam 
Initial (t to 0) 


AEPMAK1 


3000 


2.0 cm (3 s) 



By comparison, N-dodecyl dlethylenstrlamine (OET/VDDA1), a derivative with a 
long linear side-chain, at a concentration of only 40 ppm showed an Initial foam height of 
6.3 crn which was almost completely stable for five minutes at which time the foam was 
still 7,5 cm In height. 

The ability of a surfactant In aqueous systems to reduce surface tension under 
both equilibrium and dynamic conations is of great importance in the performance of 
vnraterbasud coatings, inks, adhesives, fountain solutions, agricultural formulations and 
photoresist developing and electronics cleaning compositions. Low equilibrium surface 
tension allows the development of exceltent properties subsequent to application. Low 
dynamic surface tension results in enhanced wetting and spreading under the dynamic 
conditions of application, resulting ri more efficient use of the formulations and fewer 
dBfacts. In waterborne coating, ink, adhesive, fountain solution, agricultural and 
photoresist developing and electronics cleaning compcsltlona. the formation of foam Is 
generally undesirable because it complicates handling and can cause defects or result in 
inefficient application. The alkylated amincaikylpiperazlne surfactants of this Invention 
display an outstanding ability to provide equilibrium and dynamic surface tension 
reduction in aqueous formulations whae producing substantially no foam. Fcam control 
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is a particularly important attribute in phetoreaiat developer/electronics cleaning 
compositions. The present invention affords these attributes while maintaining good 
contrast for photoresist developing application. These materials would therefore be 
expected to be useful In aaueous r.oatings, Inks, adhesive*, fountain solutions, 
agricultural formulations and photoresiat developing and electronics cleaning 
formulations. 

STATEMENT OF INDUSTRIAL APPLICATION 
The Invention provides compositions suitable for reducing the equilibrium and 
dynamic surfacs tension in water-based coating. Ink, adhesive, fountain solution, 
agricultural compositions end photoresist developing/electronics cleanlno compositions. 
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1 . Abstract 



This invention provides water-based compcsitionD, particularly casting, ink, 
fountain solution, adhesive, agricultural and photoresist developing/electronics cleaning 
compositions, manifesting reduced equilibrium and dynamic surface tension by the 
incorporation of a surface tension reducing amount a? certain alkylated 
aminaalkylpipsrazine compounds of the structure 

R 1 — t/ ^N— (OH^-NH-R' 

where one of R 1 and R z is a C5-C14 all<yl or cydaalkyl group and the other Is H, or both 
of R' and R 1 are C5 to C8 aiKyl groups, and n la 2 or 3. 

2 . Representative Drawing 
None 
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